INTRODUCTION
============

Urinary system stone disease is a frequent disease that can adversely affect the quality of life. Various factors such as genetic factors, characteristics of the residential area and their effects on the metabolism, dietary habits, smoking, alcohol use, air pollution and stress are considered to trigger stone formation. In the urinary system stone disease, genetic factors have a 25% effect on individuals. Urinary system stone disease is three times more common in men than in women. Although it can be seen at any age, its frequency increases with age and it is most commonly seen in individuals between the ages of 30 and 60 ([@B1]--[@B4]). India and European and Middle Eastern countries are determined as the stone zone and Turkey is one of these countries in which the urinary system stone disease is endemic ([@B5]). Fluid intake has a significant effect on stone formation. Leading to increased concentration in the urine content, urine volume decreasing with decreased water consumption affects stone formation. Increased water consumption accelerates the urinary system cycle and increases urine volume and therefore, reduces stone formation ([@B6]).

ESWL (Extracorporeal shock wave lithotripsy) is the most frequently used method for the prevention of stone formation and the growth of the existing stone and litholysis, if applicable. The reliable technology and therapeutic effect of ESWL rendered it the most preferred method. However, the success of the therapy varies with the location and structure of the stone and the presence of anatomical anomalies. Despite yielding high disintegration levels, the ESWL method carries some risks. In the long term, increase in systemic blood pressure, decrease in the renal function and increase in the recurrence of calcium oxalate urolithiasis occur. Some experimental studies determined that the ESWL method causes acute and chronic damages to kidneys and some of these damages are irreversible. Patient selection is crucial to the success of the ESWL method. Applications on pregnant women and short children and applications with the presence of contraindications to anesthesia, untreated urinary system infections, active tuberculosis infection, stenosis of the urinary tract, obesity or skeletal abnormalities are difficult ([@B6], [@B7]).

Due to its attributed extraordinary biological properties, Royal Jelly is a significant commercial attraction for the health researches and the food industry. It is used in a wide variety of industries such as the drug, food and cosmetic industries. Royal jelly is a substance secreted from the hypopharyngeal and mandibular glands of 5-15 days old worker honey bees. It is produced in the glands of adult worker bees fed with honey and pollen ([@B8]--[@B10]).

The aim of this study was to obtain ethylene glycol induced urolithiasis in rats and to investigate the proinflammatory and anti-inflammatory effects of Royal Jelly on ethylene glycol induced urolithiasis and inflammation due to renal tubular damage by measuring cytokine levels.

MATERIALS AND METHODS
=====================

Chemicals
---------

Ethylene glycol used to induce urolithiasis was obtained from Merck (Darmstadt, Germany). Royal Jelly was directly supplied from a natural honey producer (Kahramanmaraş, Turkey).

Stone-forming rat model and experimental design
-----------------------------------------------

Before the initiation of the research, ethics committee approval dated 26/09/2013 no. AKÜHADYEK-284-13 was obtained from Afyon Kocatepe University Animal Ethics Committee. 35 male Sprague-Dawley strain rats weighing 300380 g were used in the study. For 4 weeks, rats were kept in 12 hours ideal lighting and at the appropriate temperature and fed with standard pellet rat feed (Bilyem, Ankara, Turkey). Rats were divided into 5 groups. Group 1, Control group (n=7): Fed with standard feed and drinking water. Group 2: EG Group (n=7): Fed with standard feed and drinking water containing 1% ethylene glycol. Group 3: RJ group (n=7): Daily fed with 100mg/kg Royal Jelly by using oral gavage. Group 4: RJ+EG group (n=7): Received 1% ethylene glycol containing drinking water. Additionally, these rats were daily fed with 100mg/kg Royal Jelly via oral gavage. Group 5: EG+RJ group (n=7): Received 1% ethylene glycol containing drinking water for the first 2 weeks. In the last 2 weeks, rats were fed with 100mg/kg Royal Jelly via oral gavage. EG represents the urolithiasis group; RJ+EG represents the prophylactic group; EG+RJ represents the therapeutic group.

Evaluation of Total Protein Levels
----------------------------------

The total protein levels of tissue homogenates were measured with ELISA (BIOTEK ELx800) using commercial kits (Fluka 51254). The Bradford method was used in the measurement. Coomassie Brillant Blue G-250, the dye used in this method, has a negative charge and binds to the positive charges on the surface of protein. The dye has blue and red forms. Protein binding turns the blue form into the red form. The absorbance of the resulting complex was measured at 630nm ([@B11]). Total protein results were used to calculate the levels of the parameters analyzed in kidney tissue.

Evaluation of TNF-α, IL-1β, IL-18 Cytokine Levels
-------------------------------------------------

Inflammation markers (TNF-α, IL-1β,IL-18) were measured in renal homogenates and plasma samples by using commercial kits. The kits used in the measurement have the following brand, reference and lot numbers: TNF-α (eBioscience, Ref: BMS622, Lot: 91475038), IL-1β (eBioscience, Ref: BMS630, Lot: 87225015), IL-18 (Novex, Ref: KRC2341, Lot: 130401/A). Cytokine levels were given as pg/mL for plasma and pg/ mg-protein for renal homogenates.

Statistical analysis
--------------------

The data were expressed as the mean±standard deviation (SD). Statistical comparisons were performed using the appropriate ANOVA model with Duncan post-hoc tests. Differences with p\<0.05 were considered significant. The SPSS 15.0 package for Windows was used for the statistical analysis.

RESULTS
=======

Plasma and renal tissue TNF-α Levels
------------------------------------

Based on the plasma TNF-α values shown in [Table-1](#t1){ref-type="table"}, the value of the control group did not significantly differ from the value of the Royal Jelly group (p\>0.05), whereas it differed significantly from the other groups (p\<0.05). The TNF-α values of the EG and EG+RJ groups were signifi-cantly the highest (p\<0.05). The TNF-α value of the RJ+EG group was significantly lower than those of the EG and EG+RJ groups (p\<0.05), whereas it was significantly higher than the values of the control and the RJ groups (p\<0.05).

###### Plasma and renal tissue TNF-α Levels.

  Group     Plasma TNF-α (pg/mL)   Kidney TNF-α (pg/mg-protein)
  --------- ---------------------- ------------------------------
  Control   43.78±3.81^b^          413.26±17.78^c^
  EG        75.54±9.34^a^          469.28±28.96^a^
  RJ        49.96±2.65^b^          343.16±24.28^b^
  RJ+ EG    59.07±5.79^c^          361.68±15.18^b^
  EG+RJ     81.27±5.24^a^          474.14±15.87^a^

**a, b, c, d:** Differences between the groups that are coded with different letters in the same column are significant (p\<0.05). EG represents the group administered with ethylene glycol; Royal Jelly represents the group solely administered with Royal Jelly; RJ+EG represents the group simultaneously administered with Royal Jelly and ethylene glycol; EG+RJ represents the group administered with Royal Jelly after inducing urolithiasis with ethylene glycol.

Plasma and renal tissue IL-1β Levels
------------------------------------

Based on the plasma IL-1β values shown in [Table-2](#t2){ref-type="table"}, the value of the control group was significantly lower than the other groups (p\<0.05). The IL-1β value of the EG group was significantly the highest (p\<0.05). The IL-1β value of the RJ group was significantly higher than the values of the RJ+EG and EG+RJ groups (p\<0.05).

###### Plasma and renal tissue IL-1β Levels.

  Group     Plazma IL-1β (pg/mL)   Kidney IL-1β (pg/mg-protein)
  --------- ---------------------- ------------------------------
  Control   99.17±2.79^b^          1252.19±90.42^b^
  EG        165.33±10.25^a^        2162.49±54.93^a^
  RJ        113.17±5.12^c^         1559.00±99.30^d^
  RJ+ EG    146.67±10.42^d^        1488.46±117.48^d^
  EG+RJ     138.00±7.72^d^         1361.47±73.01^c^

**a, b, c, d:** Differences between the groups that are coded with different letters in the same column are significant (p\<0.05). EG represents the group administered with ethylene glycol; Royal Jelly represents the group solely administered with Royal Jelly; RJ+EG represents the group simultaneously administered with Royal Jelly and ethylene glycol; EG+RJ represents the group administered with Royal Jelly after inducing urolithiasis with ethylene glycol.

Based on the renal IL-1β values; the value of the control group was significantly lower than the other groups (p\<0.05). The difference between the values of the RJ group and RJ+EG groups were not significant (p\>0.05), whereas their values were significantly lower than those of the control and EG+RJ groups (p\<0.05). The IL-1β value of the EG group was significantly the highest (p\<0.05) ([Table-2](#t2){ref-type="table"}).

Plasma and renal tissue IL-18 Levels
------------------------------------

Based on the plasma IL-18 values shown in [Table-3](#t3){ref-type="table"}, the IL-18 value of the control group was significantly the lowest (p\<0.05). The values of the RJ group and EG+RJ groups were not significantly different from each other (p\<0.05), whereas their values were significantly lower than the value of the RJ+EG group (p\<0.05). The IL-18 value of the EG group showed a significantly higher increase (p\<0.05).

###### Plasma and renal tissue IL-18 Levels.

  Group     Plasma IL-18 (pg/mL)   Kidney IL-18 (pg/mg-protein)
  --------- ---------------------- ------------------------------
  Control   2285.30±103.57^b^      980.02±42.16^b^
  EG        3577.76±135.95^a^      1258.35±89.96^a^
  RJ        2572.73±121.82^c^      1050.45±86.33^b^
  RJ+ EG    3111.12±71.80^d^       1063.43±92.30^b^
  EG+RJ     2683.17±109.96^c^      1037.43±75.48^b^

**a, b, c, d:** Differences between the groups that are coded with different letters in the same column are significant (p\<0.05). EG represents the group administered with ethylene glycol; Royal Jelly represents the group solely administered with Royal Jelly; RJ+EG represents the group simultaneously administered with Royal Jelly and ethylene glycol; EG+RJ represents the group administered with Royal Jelly after inducing urolithiasis with ethylene glycol.

The analysis of the renal IL-18 values showed that only IL-18 value of the EG group was significantly higher than the other groups (p\<0.05) ([Table-3](#t3){ref-type="table"}).

DISCUSSION
==========

Inflammation is a natural defense response of the organism against stimuli, such as trauma, infectious agents, toxic and chemical substances, physical and surgical operations. Ethylene glycol is a highly preferred agent to induce nephropathy in experimental animal studies. The administration of ethylene glycol results in intrarenal CaO~x~ deposition and acute renal damage. Various studies have shown that CaO~x~ deposition causes renal inflammation ([@B12]).

Proinflammatory cytokines are released at the onset of the inflammation and they increase the release of other cytokines and activate inflammatory cells. They are essential to the initiation and sustenance of immune response. Main proinflammatory cytokines in human immune response are TNF-α, IL--1 and IL-18 ([@B13]). TNF-α is a cytokine produced mainly by monocytes/macrophages, although it can be produced by Kuppfer cells, skin keratinocytes, brain glial cells, T lymphocytes and B lymphocytes. Various tissues such as liver, muscle, intestinal and lung tissues have high-affinity receptors for TNF-α. It is primarily released and also the strongest among the proinflammatory cytokines as a mediator in host response. It stimulates mononuclear phagocytes and other cells to produce IL-1, IL-6 and chemokines ([@B14], [@B15]). IL-1ß is a proinflammatory cytokine that has effects similar to those of TNF-α. TNF-α increases the synthesis and release of IL-1α and IL-1ß which are released from macrophages and endothelial cells and coded by different genes. IL-1ß is responsible for the metabolic and physiological effects of circulatory TNF-α. It has a role in the local and systemic effects of acute and chronic inflammation ([@B16]). IL-18 is an IFN-γ producing proinflammatory cytokine. IL-18 is released from renal tubular cells and macrophages. It functions as a mediator in acute renal damage. Studies have shown that IL-18 levels increase in the proximal tubular epithelium in the case of renal damage and acute renal failure ([@B17]).

Apitherapy means the use of bee products for medical purposes. In the recent years, there is a growing interest, especially in the food industry, in the functional foods which are claimed to have benefits for human health. The benefits of consumed food on human health are globally accepted. Today, widely known bee products, honey, propolis and Royal Jelly have a significant place among the functional foods ([@B18]).

Many studies on the effects of apitherapeutical products on inflammation induced by various causes were conducted. Khayyal et al. ([@B19]) considered propolis as an anti-inflammatory agent due to its inhibition of platelet aggregation and eicosanoid synthesis and investigated its effects on edema and arthritis induced inflammation. The researchers have found that it shows anti-inflammatory effects depending on the dosage. Another study to investigate the anti-inflammatory effects of honey on inflammation due to intestinal diseases showed that application of honey is as effective as treatment with prednisolone. However, it was stated that further studies are required to clarify the mechanism ([@B20]). In another study, paw edema was induced in rats and the effects of ethanolic extract of pollen were investigated. It was reported that pollen shows anti-inflammatory effects by reducing NO production and COX-2 activity ([@B21]). Similar to those studies, the TNF-α values in our study ([Table-1](#t1){ref-type="table"}) showed that the administration of EG increases TNF-α values in plasma and kidneys. In plasma and kidney, the TNF-α values of the RJ+EG group showed that Royal Jelly has preventive effects on inflammation.

In the study to investigate effects of propolis on stress-induced immunosuppression, IL-1β and IL-6 cytokine levels were examined. The researchers reported that propolis cannot substitute for inhibitory effects on proinflammatory cytokines but partially regulates TLR2 mRNA expression and balances inhibition of TLR-4 expression in stressed rats ([@B22]).

The IL-1β values in our study showed that the urolithiasis group had an increased release of the cytokine when compared to the control group. When the RJ+EG and EG+RJ groups are compared with the urolithiasis group, it is possible to say that Royal Jelly has anti-inflammatory effects. In renal tissue, the anti-inflammatory effect of Royal Jelly is higher in the therapeutic group. Renal IL-1β values show that Royal Jelly has an effect on EG-induced inflammation ([Table-2](#t2){ref-type="table"}).

Parikh et al. ([@B23]) published a study about cytokine IL-18 as an early diagnostic biomarker of acute renal damage. In their study on mice, Faubel et al. ([@B24]) determined that cisplatin induced renal damage is associated with the increase in IL-1β and IL-18 cytokines.

The IL-18 values in our study clearly showed the effect of exposure to ethylene glycol on cytokine release. In the plasma, the effect of Royal Jelly was higher on the therapeutic group than the control group. Data on renal tissue show that the release of IL-18 in this tissue is remarkably inhibited by Royal Jelly. Due to the insignificant differences from the control group, the values of the Royal Jelly, RJ+EG and EG+RJ groups support this assessment ([Table-3](#t3){ref-type="table"}).

CONCLUSIONS
===========

Various studies showed that oxidative stress occurs in patients with kidney stones. CaO~x~ exposure causes oxidative damage by reactive oxygen species such as superoxide and H~2~O~2~. The produced ROS activate several signaling pathways.

This study has shown that inflammation can be induced by ethylene glycol. The favorable effects of Royal Jelly on renal damage due to inflammation are presented. The resulting renal damage is associated with oxidative stress. Antioxidants in Royal Jelly prevent ROS production and support the antioxidant system. Hence, Royal Jelly is considered to show anti-inflammatory effects by affecting the signaling pathways. Further cell culture studies will help to clarify the mechanism.

[^1]: **CONFLICT OF INTEREST**

    We declare that, this study was financially supported by Scientific Research Projects Committee (project number: 13.FENBIL.30), Rectorate of Afyon Kocatepe University, Afyonkarahisar, Turkey.
